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‘I1lIC iI1l-toe)-c<)IIIIIIc)II logica]ly faulty st,cl) is to lIICJI (Iccidc tlIat itl]c]lcvcr oilc coltlcs across
a]it)(ller (J(luality

z : (}111~’ , (3)

OIIC CaII ;l~ltoltl;lti(allj~ coIIcludc that
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( if  A’,, a,,cl ill ,VCIIC wlatd by a ]KWCI law A’(, I A’, A4C ~litjli A’] all(l c lI(\v ])alall)etels
l’(’])lacillg  N()), ()] il)dcc(l wit]) all il]fil~itc 11111111)(:1 o f  Iaclically (liffcl(~llt l)(v+siljjl itics, cac}l
illll)lyil)p, (Ilasticalljl dif[’(’rillg lx:l]aviors for c} aIId ~;. ‘I’l Ic j)oil)t is tl)at, ill ol’(1~1” to 111;11<(!  :1
collclllsioll sucl I as (4), OIIC II I{ISt I)mtlllatc lIo{ j{lst that cqllatioll (:3) lIolcls, 1)111 also t])at
[IIC (,XI)OIICII[  aII(l Al iIt (2) ;IIId (3) am Ii I(It IIally ill[l(:j)clidcllt, aII(l that tllc lil)car factor aIId
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llsiII~, III( (IOA1 {I’; (Iata (f) to]l~])llt( tlI(’ III,)III(IIIS it] ( l ( i ) ,  011( filicls [lIat

i : ().():3; (Ii’)

‘, : ().l(i~) (1!))

‘1’11(’ s(~ltter diagra]l]s i]] fig~lrc 2 SIIOIY 111(’ \“alll(’s  o f  11)(%(’  II(W \Jal’ial)lcs fol” tll(’ (: OA1{l:
1) S1)s. ‘ill IC IIlargitla] statistics foroacll illc.li\i(lLlal  \arial)Ic arc sulllll)arizul i]) tal)lc 2. ‘1’IJc
l;II)I( also sl]ows (lIC lllal~;illal statistics of 1)” al)(l ,S “ for 111( ’l)arwiII data, coIl(litio]](d  o: I

Ii’ <:. 1! 111111/111’> t,lIc II llt]cc)Ilclitic)Iial. It is (Iuitc ctlcollrap,il)g to IIotr that tl)( c(~ll(litiolial
st:ltist ifs at ])ar~vill arc illclccxl quit,c sitllilal’ t<) tlI(J (;OA]{]+l Icsu]ts. IYot,c t,lItJ  \TCJy s]]]a]]
s(arl(la[d  dcviat, ion for t,lle ])ara II Ict, cI s“. ‘1’:11)1(1 3 cc)]lfirllts tlIat tl]c corrclat,io]] cocf~icic]lts
arc all l]cgligibl-y s]na]l, for t,l)c COAlilt data as \vcll as tl](! collditiolld l)al.\vi)l data. II)
l)altic~llar,  olIc calI collcludc fmlll Lllcsc tal>l(w that tll(’ joil~t and llla]gillal statistics of t,]]c
II(:LV 1)S1) sl[apc palalnctcrs  IY’ and s“ arc Inucl J tl)c salnc ill altitude as at tl)e surface. ‘J’IIc
(xj)r(’ssiolls for tllc original 1)S1) ]Jarall]ctc]s it] (1) i]] tcrl IIs of {]/, ]) ’’, s”} a]c

(23)

A:-!,#f2])fll  .33]{ 0.’23

No ,
A It-l 4

55-, - Ii
1(}1-! 4j(l (1-l 0.5~/A)-w4)

(24)

(25)

‘1’]1(, (;OAI{II; data allows us tocstilnatc  tllcs])atial valial)ilit-yof t]]c ]) S]) l)aralllct,cm.
‘]lIVO JI)(asll[c:s  ofvarial>i]ity ayc j)altic.lllall~? LIscflll: tl)c:t[ltocc)lIclatic)Il Cocfiicicl]t, pa, and
tl~( w]ativell). s. variation vh, ddiIId for a statio)lary ral](lo]t] ])roccss Xt by

‘1’al)l(> 1 slIo\vs tllc valIIcs ol)(,ai?icd f[olll tile (; OAlil I; (Iat,a \v]l(’]1 X was 1/, t,])(l) ])”, L]lCII
No. ‘111]( sal]]])lc si7c was il]suf[icirl~t to calc~llat( corr(latiolls l.)cyoIId J = S 1<111 \vitll II ILICII
collfi(lcll(c. ‘]lIIC msll]ts Col)fillll t,]lat t,]lc sj)at,ifil Jaliat,iol] of /)” Iclllaills quik slIIall i]l(lccd.
Not ( t lIal tal)lc 4 clocs l)ot SIIOWI tllo s])atial allto colwlat,ioll s t a t i s t i c s  o f  .s” 1)(’(alIst  t]IC

slalI(laI(l  d(’l~iat,iotl  of s“ (over t,llc (?)firt data) is al[cacl.  y a qllitc slnal] 0.025/0.3<) z 6.41 O/’.
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3  App l i ca t i on

z, = ([(.$ ’’,l)’’)lt~(~)”)  ~)”) (:?7)
L- =  C4S’’,D’’)  I)”)’’)”) (28)

7’



Lfic’-c;llclll;lltcl at trl]uatiol) co(fli(i(l]t  Il(i’(r  cx(w(ls 9. S(XI, 11’llil(  1 II(S alJsolLI[(  (11(11 I(tl):lit)s

1)( ’lolv ().1s  (11]/ lilll.

4 Conclusions

l]as(xl 011 (IIQ ‘I’()(; A/(l()Al{l~, ail(l l)ar)vill ~laia s(ts, ollc call I)ara]l](’( Iizc’ (lrol)-siz( (list li -
I)tltiol]s tlsill~, tlic Valial)lcs II’, /)” a]l(l ,s” (I<(ili(xl al)(J\c, (/)/(/ tiss{llll(’ t Ilat t 11( ’s(’ l):ll”aI)l(’-
1(’1’s al’(’ Illlcol’I’(’lilo (’(l.” ‘i’11(’ \ali~\ll(c’ of’ (11( slla~)( ])alall]cl(l .s “ is rclati}cl~’ sIIIall, aII~l (IIC
tilllocl(’cotl(’lttl” ion lcIIgtlls 01 1)” /iII(l of .S “ ill’(’ s(l[licicllt, ]y lal’~,c tl)at 011(” (’al) l’(wsollal)  l\”

as,sllllle fllat /)” al](l S “  l’(’lllalll (’ol). stall[ ()\  ’( ’ l ’  s(, \’(’l’a I  kilolnelcls. ‘111(s(’ Illol)(l(ies II)iilio tl~is
])?l];tif)(tlizil(iol] ])altic~llali~r i]s(>f[]l ill ](it]ot( sft)sii)g rt:tlie\a] l)](Jlj](sI]Is.

S Acl<IIowledgeI~~ cIIts

ll~c wish to (lIaIIl;  l)avid Atlas for II IaII\ flllitflil discussio]ls. ‘1’llis }1’01”1{ \t’as ])(’]’I()]IIIC(l  at
tl)c Jet l’m])~llsio]] l,al>oratory, ~~aliforllia IIlstittltc of ‘1’cclIIlology, ulIdcr col)t ract \vit II tlI(’
NatiolIal Aelolla~ltics a]ld S])acc .A(lllliliistlatio}i.

R(?f’erc?ncx?s

[1]

[2]

[3]

[4]

[5]

[(i]

A t l a s ,  IJ. A., editor, J 990: l{adar ii] i14ctmlology: IIatta]l McInoIial allcl 40tl I A]l-
IIivmsary lladar h4ctcmmlogy (k)llfcmllcc. 1 k)sto]l: A IIlcricall N4ctc:cJlc)lc)gical  Socict~~.

IJladc,  1{. A., ancl IIallett, J., 1986:  ol)scrvatio]ls of tllc distlilj~ltioll of icc ill 11111-
ricancs, J. A t7//os. Sci. 43, 802-822.

IIacldad,  Z. S., ])urclen,  S.1,., and ]m, 1’;., 1 9 9 6 :  l’alall)ctlizili~; tl)c rail)dm]) size
distribution, J. Appl.  AJdcor. 35, 313.

IIadclacl,  Z.s., lm, 1’;., l)ul’dc!ll, s.],., and IIcllslc?y, s., 1996: Stochastic filtering;
o f  rail] I)rofilcs using Iadarj surface- 1(’fclcllcc,(l  radar, 0] col]l].)i II(YI ladal- radio] I ]ctcl
])l(,<is~]](:]l]c]lts, .1. Ap]d. f14c/co).  3 5 ,  4!-’?.

<loss, .1. , and  Waldvogel,  A . , 1967:  A lt~il~(lm]) s])(:c,t,lo~;ljl])ll ~vit]l ;I[lto]l]atic alIal -

ysis, l)~l~c A 1)111.  (;coplIy.s.,  68, 240-246.

Kawa]lishi,  ‘J’., ‘J’akamaisu,  11., Kozu, ‘J’., Okamot,o,  K., a]]d Kulnagai,  11 . ,



—
—

A.

-.

u
.-w
.

n
n
-.

u >
nw

.-.

-..
u
-w
u .
u
“G
r-n
A.

--
=

u

=. ---

>“-.- u



Figlll’c (’al) t,io]ls



[. \lalial~Ics

log(/{) a n d  1 0 / , ( / ) ” )

10/;( //) a n d  log,{,<”)

10 / , ( / ) ”  )  and  10/;(s”)

‘1’:~1~]~, I :  (’~~ll(la[jo]l  ((j(,ffjcjc]lt,s f(]] (,]]( (

I I Mcall‘I’()( :,1 I l)ar\vill

II.(!()]r(lali()ll  (~orflici(,]l(

1“

o.:)!)

0.:;!)

().7:?

~OAl{lt (li\ta (ol](liti(,]i(,(l  011 1{ > ().7 111111/111

Statl(la[(l l)e\iatiol)
‘I()(; A I l)ar\\il) II (’().11 {1; 1{< 1211111]/])]  [,,](~),,~]j(,j~~l]:,j (:ofi]~ ],: 1{ <  12! 11)111/111’ I llll((~l)cljt,iotl:ll

I /)” ().{):? 1. I .3s ___ I ‘_1.38

1

I
().:1:?// ().:;4

‘ ().:1$)
I _

(). 33,5 ().39 (). ;\(i

i

().():!.:)
lop,( /)”)

().():;:) (). 01 (i
-0.1.-) 0:28-”

10/)( s”)
. . . I ‘-6.30 I I

.1(), :3:) 1.. -.().2(i
-o.{).~) -(). s4

0.24
-1.03 0.0[i8 0 . 0 9 9 0.1-2 i

[“ ‘ll{:Ji_[ .])[l,1{< 12 IItIII/111  I (Ill(c)]l(litio]ltil

i -:

lo~,(li)iitl(i]c)g(~~”j  .I.04 101

-;-iI-- _[

8.(i4 10’:{ 1 . 0 3  10-’1
Iog;(li’)all(] k)g(s”)- ~.(;]()-~ - 1 . 4  10-1 -0.77

k)p,t]Y’Jalld ]Og(.qf’j- j~- ](jT .[,,() ,0-2 5.01 10-2

‘1’al)l( 3 :  (;c)rrcliltioj) c.ocfiicicllts of 1{, 1)” aIICl .s” , col)(litiolte(l  011 1/ > 0.7 111111/111.

]],/ k)g;(N”) ]{
1 .84% 3.9-% 0.84[;
3.12% 6.1 % 0.72%
3.7(i(Y6 (i.98Y6 O.(ii]
4.39%) 7.57%- (j.532
4.75% 8.1 96 0.4(i6
4.{)7(% i.21(fi 0.4]  [i
5.27(% 8.(i7(fi o.385-
5.57({) 9.22% 0.37(i

$“ - : “ -- ‘---”-’---”” “-‘-l{clatlvc 111. s. Variatiol] lj-~{,rklat io]] Cm:fficicl,t [1 Sai];,,lc”)
(Ii]]]) 1(

1 21.7(X
~’ “-:j<) . j“(~-”
:; 53. ()(%
4 65.2 ‘fl~
5 74.2 (jf,
((- S().’i%
‘i” S3 !)%
s s’] .2({; - :

‘1 al)l(’ ‘1: S])at ial ;i~lto-((jltc,liitic)ll  statistics of /{, ])” a

])!, ]OF,(~lo ) si m:
()+{)] 0.85 ‘- ’70s j

-6.84 0:742 6(i 1 ()
0.803. 0. (i93 (i227
0.7(i(i 0.(i42 5904
0.742 -0.b{jj 5616
0.727 ().~~~(i 53ss
0.707 ().545 :)]~]
(). (i8(i 0.508 ‘j f)o$)‘-

I AT(), co]]ditio]]c(l  011 1{ > ().7 111111/111.



().8

h’f).(i~
!):{. [)2
$)7.12
102.(I’I
Ioi’. Nr)
114.61

/1 \  ])11
]] 0.7

().:1 1 (i8.N:~

().:{[; 70.:{2

().:{8 72.1:)

().40 744s

0.42 77. ?-i

0 4 4 ~(). r){)

I.(i J 1.7

90:)  .{)9 1 I’ti’.:{l
!)s9.02 lY’l(i.4:)
loi’7.ls 1:;:) ().21
i I(i!l. !)(i 14:)7.78
1 ‘2(i(i.71 l:)(iN.27
Ili(j(i,sc) [6 N).78

5:\4!)s 702.41
;)87.25 ;(i$).  r);
(j/)~,  ]f) 841.  s1
70:).77 !)18.  !)1
771.s9 100[).:) 1
842.:12 I 08(i.2.5,

‘I’d})](!): (/ as ill z, ~ (//{t’

<
1.1

1.505
1.499

.1.492
1.483
1 .i73
1 ,46:;

1.3

1:472
1,459
1,216
1.4:$2
1.217
1.402

1.4 1.s ]0.9 “[ 1.0 1.2
-1,>”g2

i .4%3
i.472
1,460
1.447
1 .Aji”

I 0.:;4 II 1.4:13 1.471
I

1 .1!)7 1 ..’)08
().:{ (i 1.444 1 .4?+(1 1 .;;01 1 .:)07

1.447
1.432
i.~17
1.401
1 .38:)
1.36$

1 .:;2!)
1.:}10
] yfjl

1.271
1 .2~)(i
1.240

1.419
-1,403

1 .3fS(i
1 .3(j9
1.352
1.335-.

L J

O.:{N 1.455 1.487 1 .:)03 1.,’,04
0.40 1 .4(if) 1 .49:{ 1 .:)04 i ,1$1!)
0 . 4 2 J .474 1.497 1 .50:{” 1..193
0.44 J ,.j~~ 1.500 1. rxjb 1.4S(i

1.4 1 1.5 1.7 [ “lx -]

-‘l
0.0420 6.0447”
().0423 i).o!50
().()426 o.o’i53
0.0430 o.oi57
0.0434 ti.oi(il
o.043il 0.0465

1.6

0.03{)1
o.039i
0.0399
0,U403
0.0407
o.04ii?----1.

U.o:k!  ().0362
0033G 0.0366
0 . 0 3 4 1  0.0370
0.0345- 0.0374
0.0350 0.0373
o.03i5 “0.0384

0.34
b.3fi

-0.38
fi.4(i
0.43 ‘--
o.44--

]1 0,0162 0:0171 0.0188 0.0211
(j.o]~4 o:olQ3- 6.0217
o.o17~ 0.0]98 0.6223
0.0183 ~.0263 0.0228
fio187 6.0208 0.0234
0.0192 (i.0214 -- 0.0240.— 1:-- ~-

O.ointi-  0.0’26{) ().0300
( ) .0245 ( ) .0275 0.0306
0:0251 0.0280 oo3i]
0.tiM6 0.028~ 0.0316-
6.0265 0.0291 o.032i
‘0:026$ ‘0.02 {)7 00326

0.0164
0.0167
0.0]70
().017:
0.0177

;,1 \ ,,)=”

0.34
0 .~l(j
(13s
0 . 4 0
().42
().44

0.7 -[” -0.8
1 . 1 3 7  1.161
1.138 1.159

-(j.{)”
l.Jm
1.165
I ;i6j
1.ih7
i . 1 5 3
1.14g

“1.0”1 1.1-1- 1.2 T-1. i”l 1.4 I 1.5  I 1.6” _].? ]-1.  N I
1 .0(s6

“---1 ~
i .076

1 . 0 8 2  1 .0;1
1.07s l.ixii
1 . 0 7 4  1  .0[i2
l,o(i9 “1 .0L8
]-1)64-  ]  .()~li~

L.-. 1 ___ 1 . . 1 – .

1.1(7G 1.1X3 i.116- 1 l . l i 3 - ‘  1.121 1.109” 1.097
1.161 -1.lbi 1.141” 1.129 1.117 1.10:)” 1;0{)4
1.156 1.147 1.136 1.124 1.112 ].jo]- J_. OR)
I,lbi 1.142 1.131 1.120 1108 J ,oi7 1 .(m)
J.147 1.138 1.127 1.115 1.104 1.092- 1-.081

1.13s 1,1L7
1.138 1.1!54
1.13s 1“. 1:)1
1.137 1,149 l.”li~ I 1.1:{3  I 1 . 1 2 2  1-1.111  \ 1 0 9 9  I 1.088 1 1.076.-



,,
‘\

-

.g

E
E
b
o
A

m
.--..”.

o

0

c)

o

I , 1 , I
o 0 0

0
C6

u)
Lci

o
Lci

u)
w“

o
*“

Lq
m

0
0

y



COARE
conditioned on R >0.7

-~m~

-1.0 -

-
‘m
g -7.5 -

—

mm/hr
,

o

—

-2.0

-2.5
-2.0 -1.0 0.0 1.0 2.0

!og(D’)



o

c)
no

, I , I

o

0

0
r

1

m

o
Cc@-

z
Lclo.—

ICN

Lq
F

0
T-

Lq
0

0
0

I m
+

0



COARE

1.0 -

0

0.0

-1.0 -

—

-2.0 ‘ ‘
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

log(R)



0

0

I

o

c)

o
2

0

I
u)
1-’-

1

0

(,,s)601



.) “

o

0

/$’c) 5
)0

([1 fp,

%-c)co .1

mM. oo

.,

)

c

c)

o
0

0

[ (

c1

c1

) c)

%

)

c)
c)

u)
l--

I

u)
*“

u)
ti

I

y

(,,s)601



,,,

o
0
co

I“il[lrr 11111111  111111

\

1,,, 1,,,,1

0 0
Lf5 0
u) m

1,, I Il!,, 1,,,,1,

c? 0
u) 0% *

ZEIP

0
0
CN



.

k - R

6.0 -

2.0 -

—

0.0
0.0 5 0 . 0 100.0 150.0

Mie at 282.5 K
---- Mie at 275 K

— — — - Mie at 290 K
- – power-law (28)

R (mm/hr)

—



z-l?

m
1- ;

N
m
u

50.0

45.0

40.0

35.0

30.0

25.0

—

97’=o.8, s“=~.34
,

—

—

/

/

—

/
/

Mie at 282.5 K
------- Mie at 275 K
— — -- Mie at 290 K

- – power-law (27)
—

— —

,’,

0.0 5 . 0 10.0 15.0 20.0 25.0

10 iog10 (R)



k-l?
~“=~m8, .5’’=o.34

6.0 ~ ,

/
/

4.0 -

2.0 -

Mie at 282.5 K
. . . . . . Mie at 27’5 K
— — -- Mie at 290 K
— - – power-law (28)

/
/

/
/

/
/

/
/

/

/
/

/

0.0
0.0 50.0 100.0 150.0

. . .

R (.rnrn/h  ~)


